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• Oco6wc icareropHH ccujiohkux AoicyM euros: 
A aoicyMCHT, onpeflejwwmHfl o6um& ypOBcm tcxhhxh 
E 6ojiee paw h mm AOKyweHT, ho onyojuucoBaHHuit Ha Aary 

MenayHapoflKoft naaaNH hjiu nocne nee 
O aojcyMCHT, othocjuuhJics ic ycTHOwy pacxptrooo, wccjiokh- 

pOMHWK) H TJJ. 

P flOKyMCHT, ony6juuco«aHHufi ao flara ucmj^mpojUioS na- 
jmmh, ho nocne jmu HcnpauucBaeuoro npHopHrera 



T 6onee noaAKuff AOxyMem-, onyDJiuKOBamtufi nocne urtu 

TipKOpHTCTa H npHBOACHHUU BJIX nOHHMaHKX H33o6pCTCHHJi 

X AoxyucuT, HMoonutft HaH6ojtee 6jiH3Koe OTHOuieaHe k npeflMery 

noHCKa, nopovamuA HOBMSHy h H3o6peraTejifccicHtf ypoaeiu. 
Y AOxyMeKT, noponatmiM H3o6pcrarejiKcim h ypoaem b cokc- 

TaHKH C OAKHM HTOt HeCXOJIfcKHMH JIOtCyMeHTBlf K TOM xe 

icareropHH 

& AOJcyueHT, xsjukuuhhch nareHTOM-aHanoroM 
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OnySjiHKOBaHa 

C omvUmoM o MeotcdyuapodwM noucxe. 
C tGMeueHHou ipopMynou u3o6pemenua. 



B omnoweHuu deyx6ymeHHbix xodoe, Kodoe xsbiKoe u dpy- 
eux coKpautenuu cm. «JIoRcneHm k ko6qm u coKpaufenu- 
hm». nydjiwyeMbie e ncnwie Kaotcdoao o'tepednoeo ebinyaca 
EiojuiemeHH PCT. 



n^DA^^™ 015 F ° R DEP0SITI0N 0F WEAR-RESISTANT COATINGS AND FOR INCREASING THE LIFESPAN 
^ HAHECEHH* H3HOCOCTO«KHX nOKPblTMM H nOBUlUEHHA 

(57) Abstract; : The invention relates to metallurgy and mechanical engineering and in particular to a method directed at 

^ increasing the lifespan and the reliability of the parts of machines and at repairing such parts by depositing coatings on active 

Og surfaces then by processing such surfaces. According to the invention, a coating made up of several microlayers is deposited on 

£j the erosion- and corrosion-resistant parts, whereby each microlayer includes one or several elements from the group of transition 

^ metals, solid solutions or interstitial phases containing these metals. One or more layers are implanted with nonmetal high 

g energy ions, whereby such implantation causes changes in the structure and the composition of the deposited layer and provides 

w high operational performance. After the deposition of the coating, the surface of the part is processed by vibrations, by means of 

O microballs, in order to ensure a better distribution of residual stresses. The method makes it possible to deposit coatings having a 

> high wear and corrosion resistance and to maintain on a sufficient level the fatigue-related properties of the parts such as 

^ notably, the compressor blades of gas turbines. 



[npoaoJDKeHHe Ha cne/i. crpaHHue] 
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Cn0C06 HaHeceHHH H3H0C0CT0HKHX nOKpblTHH H nOBblUieHHH 



AojiroBeMHOcTH /leTajieii. 



Q6jiaCTb TeXHHKH. 



HacTOxmee H3o6peTeHHe othochtch k oSjiacra MeTajuiyprHH h 
ManmHOCTpoeHHH, a HMeHHO k pa3pa6oTKe cnoco6oB noBtmieHiw 
flojiroBeHHOcra h Hame>KHOCTH aeTajiefi MainHH, a TaioKe o6ecneHeHmo peMOHra 
h BoccTaHOBjieHHfl cbohctb fleTajieii, b nacTHOCTH, k JionancaM ra30BBIX Typ6HH, 
15 h npeHMymecTBeHHo jionaTOK KOMnpeccopoB aBHauHOHHbix flBHraTejiefi nyreM 
HaHeceHHfl noKpbrmfl Ha MeTajumnecKHe noBepxHOcra. 



3KcnjiyaTHpyioTca b ycjioBnax 3HaHHTejibHofi 3am>uieHHocTH B03,zjyHiHoro 
noTOKa, a TaiGKe bhcokoh BJia>KH0CTH MOpCKOH cpcobi c arpeccHBHbiMH 

KOMnOHeHTaMH K0ppO3H0HHOH aKTHBHOCTH. TaKHe yCJIOBHfl pa60TbI IipHBOAHT K 

B03AyuiHO-a6pa3KBHOH 3po3HH h Kopp03HH fleTanefi aBHaABHraTejiefi, oco6eHHo 
25 JionaTOK KOMnpeccopoB. npoHcxo#HT H3MeHeHHe reoMerpuHecKHX pa3Mepos 
JionaTOK, cHH^ceHHe sKcnjiyaTaanoHHtix xapaicrepHCTHK, noTepa moiuhocth, 
yBeaHHeHHe pacxoaa TomiHBa h 3HaHHTeJibHbifi pocT pacxoflOB Ha TexmiHecicoe 
o6cxry5KHBaHHe h peMOHT ABHraTeneft. IIpHMeHeHHe m>irie3aniHTHbix ycTpoacTB 
jym npe^oTBpameHHH t3khx npoueccoB He^ocTaTOHHO s^^eKTHBHO. 
30 PbHOineHHbie jionaiKH o6bmho BOCCTaHaBJiHBaiOTCH nyreM nojinpoBKH 

KpOMKH npo(j)mw, hjih 3aMeH)OOTCJi HOBbiMH. TaK KaK jionaTKH KOMnpeccopoB 

H3rOTaBJIHBaiOT H3 CIUiaBOB Ha OCHOBe THTaHa HJIH BblCOKOJierHpOBaHHbDC 



npeziinecTBVioiiiHH vposeHb tsxhhkh. 
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CaMOJiera h BepTOJiera c ra30Typ6HHHbiMH flBHraTeimMH Hacro 
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cTanea, Koxopwe hmciot BMCOKyio cxohmocxb h Tpy«Ho o6pa6axHBaioxca, to 
peMOHT ABHraTejieH ctsihobhtcji o^iem. AoporHM. 

H3BeCTeH CnOC06 HaHeCeHHH nOKpblXHH, yCXOHHHBMX K 3p03HH H 

KoppcwHH (TlaTeHT CIIIA Xa 49045420 ot 27.02. 1990r.,nepe CM oTpeHHHfinoA 
5 Jfg Re 34173 ot 02.02.1993 r.AJia Midwest Research Technologies Inc), 
KOxopHfl onHCbmaer noKpwTHe, cocxoamee H3 MHO*ecxBa HepeAyiomnxca 
MeTajuiHHecKHX h KepaMHHecKHX cnoeB. fl B a Maxepnana, BH6paHHbie ww 3thx 
cjioeB HMeiox flonojiHHioiiiHe apyr Apyra xapaKxepHCXHKH conpoxHBJieHH* 
H3Hocy - own* H3 hhx ruiacxHHeH, a Apyrofi XBepa h xpynoK. npeanowrejibHO 
10 acnojibsyfOT paAHO-nacxoTHoe pacnbuieHHe Ana HaHeceHH* hokphthj., xaK ksk 
oho He BH3HBaex ^esMepnoro HarpeBa, koxo P hh uomtr oicasaxbca 
HenpneMneMWM zuw nexanH, Ha KOTopyio HaHeceHo noicpbrrae. 

Tarae H3BecxHM naxenxbi P<D (Jfe 2061090, EM Jfcl5, 1996, b Xs 
2106429, EH N° 7, 1998) b KoxopbK omicaHbi MeToaw HaHecemm 
15 MHorocJioflHiK noKpbmiH Ha AexaAH h HHexpyMeHx, b tom nncne hs 
nepexoAHbix MexaJUiOB, a b KanecxBe aflresaoHHoro cjioa nepeA HaneceHHeM 
noKpuma npeAJiaraexca HaHecenne uhpkohhji, hjih Me> W cjiosmh MexajuioB 
npeanaraexca HaHecewie okchaob Mexajuia. 

HsBecTeH xawKe cnoco6 ocaacAeiWH xohkhx nneHOK CN X c 
20 HMiinaHxaizHeH hohob a30xa hs njia3Mbi (Haxenx CIIIA N» 5580429 ox 
03.12.1996 r. Ana CeBepo-BocxoHHoro YmiBepcHxexa). B onncaH 
BaxyyMHbiH ayroBOH hctohhhk c cucxeMOH nnasMeHHo-noHHofi HMiuiaHxauHH 
fljw naHeceHHH xohkhx noicpbrrHH na noAJioacKH. KaK KaxoAHbie, xaK h 
aHOOTbie BaxyyMHbie AyroBMe hcxohhhkh (CAVAD) Hcnojuayioxca aah 
25 C03AHHHH lumMbi XBepABix MaxepnaJioB KaxoAa hjih aHOAa b KaxoAHOH hah 
aHOAHofl Ayre, cooxBexcxBeHHO. ra3bi, nanpHwep, boao P oa hah asox Moryr 
HaxoAHTbCH b iraeHKax nyreM cosAaHHa <J>ohoboh nnaaai (miasMbi 3aAHero 
imana) xpe6yeMoro rasa c HcnoJib30 B aHHeM 3HeprHH RF, xepMOHOHHOH 3MHCCHH 
hjih nocAeAyromefl HommoHB rasa, npoxoAamero qepea Ayry hah BOKpyr 
30 cy6cxpaxa. IIpHMeHaioxca bbicokhc oxpauaxejibHbie HMnyJibCbi Ana H3BJie<ieHHa 
hohob h o6ecneieHHa hx HeoSxoAHMOH aneprHeH np H o6pa3 oBaHHH xohkoh 
HJieHKH c H eABK> noJiyneHHH xpe6yeMoro noKpbixna c nepeMeHHWM 
cooTHomeHHeM yrJiepofl/a30T. 
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HsBecTeH TaiOKe cnoco6 (IlaTeHT PO> Jsfc 2062818 EH X2I8 ot 27.06.96) 
HaHeceHHfl MeTajuiocoAepacaimix noKpiirafi Ha KpynHopa3Mepm»ie no/uio>KKH b 
BaKyyivie, BKJnonaiomHft ohhctky nozmo^cKH nyHKOM hohob HHep-raoro ra3a h 
HaHeceHHe MeTaiuioco^ep»camero noKpbrnw Ha nqqnoxKy KaTojiHbiM 
5 pacrauieHHeM b pa3pwe HHepraoro ra3a npn OAHOBpeMeHHOH 6oM6ap,zmpoBKe 
noiyio>KKH nyHKOM hohob HHepraoro ra3a, KOToptifi (j) opMHpyeTcn ycKopHTeneM 
c 3aMKHyTbiM ApeH^OM aneKTpoHOB h 3HeprHH hohob HHepTHoro ra3a 50-150 
3B, KOTopbiH flBJMeTCfl HanSonee 6jih3KHM no TexHmecKoii cymHoc™ k 
npeOTOJiaraeMOMy H3o6peTeHHK>. 
10 QrmaKO, naTeHTW CIIIA X° 4904542, JVs 5580429 h naTeHTti P0> M> 

2062818, Ks2061090 H2106429 He paccMaTpHBaioT Bonpocbi #ojiroBeHHOCTH h 
H3HOCOCTOHKOCTH fleTajieft, h oco6eHHO noBepxHoc™ jionaTOK aBHaqnoHHtix 
OTHraTejiefi, k KOToptiM npefl-baBJiaeToi onpeaejieHHbiH KOMnjieKc pa3JiHHHbix 

Tpe60BaHHH no H3HOCOCTOHKOCTH, KOppO3HOHH0H CTOHKOCTHj COXpaHCHHK) 
15 ypOBHH MexaHHHeCKHX, H OCo6eHHO yCTaJIOCTHBIX CBOHCTB. CjieAOBaTejttHO, 
CymeCTByeT Heo6xOflHMOCTB nOBblineHHJI 3p03H0HH0fl H KOpp03HOHHOH 

ctoSkocth h, cneaoBaTejiBHo, Ha,ne>KH0CTH h AOJiroBeHHocTH aeTaneH 
pa3JiHHHbrx MamHH, npH6opoB H o6opy^OBaHHK H, OC06eHHO, JionaTOK 
KOMnpeccopoB ra30Typ6HHHbix ABHraTejiefl, c Hcnojib30BaHneM BaKyyMHo- 
20 njia3MeHHbix TexHojiorafi h hohhoh HMiuiaHTauHH. 



25 HaHeceHHH noKptmiH Ha MeTa^JiHHecKHe noBepxHOdH, b HacraocTH Ha zieTajiH 
ManmH, napoBbix h ra30Bbix Typ6HH, a eme 6onee KOHKperao - Ha nonancH 
KOMnpeccopa aBHaimoHHoro OTHrareju, KOTopbm o6ecneHHBan 6bi noBbnneHHoe 

COnpOTHBJieHHe 3p03HH, KOpp03HH H COXpaHflJI flOCTaTOHHBIH ypoBeHb 

MexaHmiecKHx cbohctb, rjiaBHbiM o6pa30M, yciajiocra. 
30 Eme oahoh qenbio H3o6peTeHHK HBJiHeTCH BOCCTaHOBJieHHe pa3MepoB 

aeTajieii, noBpe^czieHHbix 3p03HeH hjih Koppo3neH, b qacTHocra npo^um 
nonaTKH KOMnpeccopa aBHaflBHraTeJia no hcxoahoh reoMeTpmecKofi (JiopMM h 
KanecTBa noBepXHOCin. 



PacKpMTHe H3o6peTeHHg. 



Uejibio aaHHoro H3o6peTenHfl HBjwexcji co3£aHHe Taxoro cnoco6a 
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nocTaBJieHHbie uejm flocraraioTca TeM, hto h3hochtch MHorocjiofiHoe 
noKpbraie, khk MHHHMyM xpex hjih HeTbipexcjioftHoe npa onpe/jejieHHOM 

COOTHOIIieHHH TOJimHHM H COCTaBa MHKpOCJIOCB. IlOfl TepMHHOM "MHKpOCJIOfi" B 

5 aaHHOH 3a»BKe no/jpasyMeBaexca cjioh hhctoto MeTajma, MHoroKOMnoHewrHbix 
cruiaBOB 3aMemeHH« hjih BHeapeHHa HeMeraJUiHHecKHX aTOMOB b sthx 
Meiajuiax, una 4>aa BHeflpemw Ha ocHOBe sxhx MexsumoB, x.e. hx Kap6iwu, 

HHTpHHbl, 6opHHbI HJIH Cn05KHbie COejWHeHHH 3THX $33- Ka P 60HHTpHflbI, 

Kap6o6opHflBi h T.n. 

10 HaHeceHHe noicpbrnw npoH3BOfljrr HOHHO-iuiasMeHHbiM ocaaweHHeM, 

ynoMHHyroe noKpbrrae coctoht hs MHicpocJioa (nojiMHKpocjioH) H3 cKaHflHa, 
httph* hjih peAKOseMenbHbK MeTaroiOB - mmana h jiairraHOHjioB » MHoacecTBa 
MHKpocJioeB, KaJKflwfi H3 KOTopbix coctoht H3 nepexoaHbix MeTanjioB rp. IVA- 
V1A nepHOflHiecKofi CHCTeMbi( Ti, Zr, Hf, V, Nb, Ta, Cr, Mo, W ; ) mm hx 

15 cruiaBOB, TBepflbK pacTBopoB sneMeHTOB BHeapeHHH b 3thx MeTajuiax 
(yraepofla, asoTa, 6opa) h hx hhtphaob, Kap6nflOB hjih 6o P haob, npnneM oahh 

HJIH HeCKOJIbKO H3 3THX MHKpOCJIOeB 6bIJIH nOflBepFHyTbl HMIUiaHTaiJHH 

BbicoK03HeprerHHecKHX HeMeTaJUiHMecKHX hohob ( aproHa, asoxa, yrJiepo/ja, 
6opa). 

20 MracpooiOH H3 MeTajuioB, hjih MHoroKOMnoHeHTHoro cnnaBa, hjih 

coejfflHeHHa MeTajin-HeMeTajui, HaHeceHHbie c noMombfo hohob hjih 
HeihpajibHbix nacTHU b cpeae nozwwiwero HHepxnoro rasa hjih peaiomoHHoro 
HeHHepraoro rasa, TaKHX KaK asox, MeraH, aueTHJien, OT6opaH, aojDKHbi 
ocaacflaTbCJi Tpe6yeMOH tojuuhhoh, npeHMymecTBeHHO 0,1-10 mk. 

25 MHKpOCJIOfi M02K<5T 6bITb flHCKpeXHMM CJIOeM, OTJIHMaiOfflHMCa OT 

npHMMKawmero ochobhofo Maxepnana flexajm, hjih apyroro pa H ee 
HaHeceHHoro MHKpocjioa, hjih mo>kct cocxaBJiaxb c hhmh HeKoxopyw c M ecb. 

Ka^lii MHKpOCJIOH MOTKeT npeACTSBJUITb C060H HHCXblH Mexajui, HJIH CMeCb 

MeraJuioB, ecjin npn oca^eHHH aKTHBHpoBaHbi 0 jjhobp eMemio HecKOJibKO 

30 KaTOflOB HJIH KaTOW HSrOTOBneHbl H3 CIUiaBOB. MHOJKeCTBO MHKpOCJIOeB 

nofl6H P a CT c« nyreM HanycKa b P a6oHyK> KaMepy cooxBexcTByjomefi hhoboh 
aTMOcdpepw h aKTHBaiiHH cooxBexcTByioinHX KaxonoB. CnocoG HaHeceHHH 
noKpbmw nosBOJwex BbiSnpaxb KOJureecxBO h nopaaoK lepeflOBamia 
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Heo6xoflHMbix cjioes h hx HOHHyK) HMiuiaHTamno aTOMaMH HHepiHoro ra3a hjih 

HeHHepTHbDC peaKUHOHHblX ra30B B 3aBHCHMOCTH OT KOHKpeTHKK Tpe6oBaHHH, 

KOTopwe o6ycjioBJieHbi pa6o^HMH xapaKTepncTHKaMH fleTajin h mneimn b 
uejioM. HanpHMep, nnx jionaTOK HanpaBJunomero annapaTa KOMnpeccopoB 

5 aBHaOBHraTeneS Ba>KHO MMeTb BblCOKyK) TBep^OCTb H H3HOCOCTOfiKOCTb 

noBepxHOcra, npH stom ycxajiocTHbie xapaKTepncTHKH ocHOBHoro cruiaBa He 

XBJUQOTCH JIHMHTHpyiOIUHM (JiaKTOpOM, TaK KaK JIOnaTKH He HCnblTbmaiOT 

6ojibiiiHX ycTanocTHbix Harpy30K. PaSoHHe jiopancH, HanporaB onem, 

HyB CTBHTe JIbHbl K COXpBHeHHK) ypOBHH yCTaJIOCTHblX XapaKTepHCTHK, TaK KaK 

10 ohh noOTepraioTcx 3HaHHTejibHbiM nepeMeHHbiM HanpjiaceHiWM. IIo3TOMy 
noKptrnui jum HanpaBJmoujnx h paSonnx JionaTOK MOiyr hmctb pa3JiHHHyio 

TOJimHHy H KOJTHHeCTBO CJIOeB. 

3aHBJiaeMbifi cnoco6 npeaycMaTpHBaeT HaHeceHne KaK MHHHMyM Tpn hjih 

HeTbipe 4)yHKUHOHaJIbHbIX MHKpocjioa: 

15 1- aflre3HOHHbiH mhkpocjioh (noziMHKpocHOH), o6ecneHHBaiomHH 

npoHHyio CBH3b noKpbrnui c noBepxHocTbK) aeTajra hjih MmcpocJioeB MOKay 

C06ofi H3HOCHTCH H3 KaTOfla, COCTOSmerO H3 CKaH/ma, HTTpHH HJIH 

pe,0KO3eMejibHoro MeTajuia b HefitpajibHOM ra3e h HMeeT o6bnHo TOJiumHy 



penaKcamno HanpaaceHHH Me^my TBepabiMH cjioamh, B03HHKaiomHe npH 

3P03HOHHOM B03ZJCHCTBHH H CIIJIOIIIHOCTb OT npOHHKHOBeHHfl KOpp03HOHHO- 

aKTHBHbix cpea h npeACTaBJineT co6oh own H3 nepexojmbix MeTajijioe IV A- 
VIA rpynn hjih cruiaBbi 3aMemeHH* Ha ocHOBe 3thx MeTajuioB, oca>KAaeTCH b 
25 aTMOc<J)epe HeirrpajibHoro ra3a h HMeeT TOJiuwHy b flHana30He 0,02-5 mk; 

3- ap m Hpyio mHH cjioh, KOTopbiH o6ecneHHBaeT ruiaBHbiH nepexoa k 

BMCOKOTBep^OMy CJIOK) H COCTOHT, B OCHOBHOM, H3 TBep^bTX pacTBopoB 

BHeapemw a30Ta, 6opa, yrJiepo^a Ha 6a3e nepexo^Hbix MeTajuioB BToporo 
cjioh, ocaHmaeTCK b aTMoc([)epe peaiomoHHoro ra3a (cooTBeTCTBeHHO a30Ta, hjih 
30 HH6opaHa, hjih MeTaHa, hjih auemrieHa npn napunajibHOM aaBJieHHH 3thx 
ra30B 0,05-5x1 O^IIa) h HMeeT TOJimmiy 0,04-10 mk; 

4- H3HOCOCTOftKHfi, BBICOKOTBepflBIH MHKpOCJIOH, 06eCIieHHBaK>mHH 

conpoxHBjieHHe a6pa3HBHbiM nacraijaM npn 3po3HH, coctoht H3 <f>a3 BHezxpeHiia 



20 



0,02-0,8mk.; 

2- AeMn^Hpyiomnfi h koppo3HOHHOCtohkhh mhkpocjioh, o6ecneHHBaeT 
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b KaMenpe HOHHO-iuiasMeHHOH ycxaHOBKH npHBeaen Ha P hc2., a peaynbxaxbi 
HCCJie^OBaHHH MHOwcnotaoro noKpwnw MexoflOM oSpaxHoro 
Pe3ep4»opflOBCKoro paccesraM npHBeaeHM Ha pnc. 3. 

JJflx yMeHbineHM pncxa neperpeBa hjih Kopo6jieHna flexajm n P H hohho- 
5 nnasweHHOM oca^eHHH noKpHTHfi h hohhoh uMmwrzuw, oco6e H HO nonaxox 
KOMnpeccopoB anuwmnendl, acenaxenbHO HcnonssoBaxB hcxohhhk 
BbicoK03HepreTiwecKHX nynBCHpyromHX hohob. Hohbi, nonyneHHbie b xaKOM 

HCTOHHHKe, HMWOX SHepXHK) flOCTaXOHHO BblCOKyK) AJIS HMIin&HXaUHH B 

KpHCxaiunracKyfo pemexny oca^aeMofi 4>a3bi, a xaoce an* co 3fl aHHH 
10 BBicoKonpoMHbix coenHHeHHH. OflHopeMeHHO MrHOBeHHoe oxna^eHHe noaie 
HMnym-ca npeaoxBpamaex neperpes ochobhopo Maiepnna flexaiia, 
conpoBO^aexcH peaKHM oxna^eHHeM oSaynaeMoro ynacxKa noBepxHocxH, 
hbuwt H3MeJn>ieHHe cyocxpyKxypbi, o6pa30 B aH H e HaHOKpncxajuiHHecKHX 
torn aMop^n3HpoBaHHBix cxpyicxyp MHKpOCJIOeB. 
15 HoHHaa HMiuiaHxamw yBemroiBaex ae xojibko conpoxHBJieHHe 3 P o3hh h 

Koppo3HH, ho xaKMce noBbnnaex ycranocxnyio npoHHocxb wianeft. ocoSeHHO 
np H 6onBiHHX luncnax HarpyaceHH*, x.e. > yaioBHSx mhofoiuhuioboh ycxa*ocxH. 
3to oGuaneru B03HHKHO B eHHeM caotMaiomHX HanpHsceHH0 «a Me^a 3 H U x 
rpamniax . ycxofl^BBix fl e4)eKXOB cxpyKxypM, cBHsaHHbix c o6pa30BaHHeM 
20 BbicoKonHcnepHtrx npeuimHxaxoB-npe^biAeneHHH MHoroKOMnoHeHXHBix 
coeflHHeHHfl nepeMeHHOH b^hxhocxh MexaiinoB c HeMexajmaMH. 

B xo ace B peM* xaxae cjioacHbie npoueccw ocaameHH* MHorooiofiHoro 
nOKptlXHS H HOHHOH HMIUiaHXaUHH MOiyT HaBOffHXB noBbmieHHBie BHyrpeHHHe 
Han?,™ b noBepxnocxHBix CJioax aexa*eH. m ™ &"onee SnaronpnaxHoro 
25 pacnpeaeneHH* Heo6xo fl HMo nenocpeacxBeHHO nocne o» npouecca 
HaHeceHHH noKpsmiH npoBOffHXB aonoJiHHxenbHyrc 0 6 P a6oxKy. Ilocne b^kh 
aexajieii H3 HOHHO-nnasMeHHofi ycxaHOBKH flon*Ha liposome* 
BH 6poo6pa6oxKa MHKpouiapHKaMHXuiH Sojiee S^aronp^xHoro paenpmeBU 
ocxaxoHHbix HanpsaeeHHH h chsths hkowx narpysoK. Taxaa o6pa6oxKa 
30 ao^KHa BwnoJiHHTbCH HenocpeflCXBeHHO noaie okohh3Hhji npouecca HaHeceHHH 
noiepbrnw., 

TaKHM oSpasoM, 3aflBJiseMbiH cnocoS BKJBonaex b ceSa ciieayramHe 
npoueccw: 
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1 . IIoflroTOBKa noBepxHOcra non HOHHO-mia3MeHHoe ocancaeHHe. 

2. YcTaHOBKa KaxojioB H3 ocawaeMbix MeTajuioB mm ciuiaBOB. 

3. FIoMemeHHe nerancn hjih noanoHceic b KaMepy HOHHo-ruia3MeHHofi 

yCTaHOBKH, 060py^0BaHH0H HOHHbIM HMIIJiaHTOpOM. 

5 4. HoHHaa OHHCTKa noBepxHocra 

5. HoHHo-mia3MeHHoe HaHeceirae MHorocnoiiHBix noKpbnuH c 
noAaepacaHHeM Heo6xoAHMBix cocTaBa h aaBJiemifl ra30BBix aTMOc<j>ep 
BHyrpw ycraHOBKH. 

6. HoHHaa HMnnaHTauHJi oflHoro hjih hcckojibkhx cjiocb b npouecce hx 
10 4>opMHpoBamifl mm nocjie HaHeceHiw noKpbrnra. 

7. Oxjia^yieHHe h Bbirpy3ica fleTajiefi. 

8 . BH6poo6pa6oTKa MHKpomapHKaMH no 3aaaHHOMy pe>KHMy. 



IIOiliraCH K pHCVHKaM H (})OTOrpa(|)HflM. 

15 

Phc. 1 MHiepocTpyioypa H3HococroHKoro noKpuTHH Ha Jionance 
aBHaflBHraTenn H3 ciuiaBa aa ocHOBe THTaHa, x500x2. 

Phc. 2 OparMeHTbi peHireHOBCKHx flH^paicrorpaMM noKpwTHH c 

pa3JTHHHbIMH BHUaMH HMTUiaHTaiZHH . 

20 Phc. 3. Pe3yjibTaTbi HCCJieaoBaHHH MHorocjiofiHoro noKptmur mctoaom 

cncKTpocKonHH o6pa*raoro Pe3ept|)opflOBCKoro pacceHHHfl. 

Phc. 4. CpaBHHTejibHbie 3po3HOHHbie HcnbrraHHH nonaTOK KOMnpeccopa 
FTJl no yHOcy Maccbi. 

5. CpaBHHTejibHbie 3po3HOHHbie HcnbrraHHJi nonaTOK KOMnpeccopa TTR no 
25 H3HOCy xopflM. 

Phc. 6. Pe3yjibTaTbi ycTanocTHbix HcnbrraHHii o6pa3UOB h JionaxoK 

KOMnpeCCOpOB C nOKpbTTHHMH H 6e3 nOKpblTHH. 

Phc. 7, XapaKTep H3H0ca JionaTOK c noKpbiTHflMH h 6e3 noicpbiTHH noc/ie 
HaTypHbix 3po3HOHHbix HcnbrraHHii Ha aBHajiBHraTene, 
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BapHaHTM OCVmeCTBJieHHH H306peTeHHfl. 

Ha npaKTHKe, HOHHo-nna3MeHHoe oca^caeHHe MeTajuiHHecKHx hohob c 
5 cooTBeTCTByiomero MCTajuiHHecKoro KaToaa b cpeae HHepTHoro ra3a, HanpHMep, 
b aTMoc(J)epe aproHa, hjih xma ocaacAeHiw HHTpn^a MeTajuia b aTMoc^epe a30Ta, 
ocymecTBJMercfl no o6iijhm npramnnaM HOHHO-mia3MeHHoro ocaacaeHHH b 
KaMepe HH3Koro aaBjieHHH c ropHHHM Ka*nw)M, HMeiomeH 3HaHHTejibHyio 
pa3HHi^y noreHUHanoB Meacay ropxmm KamaoM h aHoaoM, KOTopbM mrine-rca 
10 fleTam.. 

IlpHMepbi noKpuTHfi, nepeHHcjieHHbie b TaSjiHije 1, Smjih npnroTOBJieHbi 
cjie^yiomHM o6pa30M. HoHHo«iuia3MeHHoe ocaaczieHHe h HMiuiaHTaima 
npoBojouiHCb b ycTaHOBKC THna HHB-6.6, oSopyAOBaHHOH aonojiHHTejibHo 

HCTOHHHKOM HOHHOH HMIUiaHTailHH THna «IIyjIbCap», CHa62KeHHOH onTKHeCKHMH 

15 nnpoMeTpaMH bbicokoh totoocth h CHcreMaMH j303npoBaHHOH no/jaHH 
HefnpajibHbix h peaiomoHHbix ra30B b KaMepy HOHHO-ruia3MeHHoro ocaHcaemw h 

B HMUJiaHTOp. 

THTaHOBbie, CTanbHbie, hjih icroTOBJieHHbie H3 ciuiaBa Ha HHKeneBOH 
ocHOBe nonaTKH KOMnpeccopoB aBHauHOHHbix jiBHraTejieft 6bijih CHanajia 
20 o6pa6oTaHbi b a6pa3HBHO-7KHiucocTHOH ycTaHOBKe, a 3aTeM hohhoh iuia3MOH 
aproHa b ycTaHOBKe HHB-6,6 Me^c^y nrraHOBbiM KaTO^oM h jionaTKaMH, jwx 
ohhctkh noBepxHOCTH jionaTOK ot TBepzibix, )khhkhx hjih nomomeHHbix 
ra30Bbix npHMecea. 

PaccMOTpHM noapo6Hee 17 BapnaHT HaHeceHH* noicpbiTHfl. riocjie 
25 noOTOTOBKH noBepxHOCTH nyreM a6pa3HBH0-3KH#K0CTHOH o6pa6oTKH, 
npoMMBKH h cymKH, JionaTKH H3 ciuiaBa THna BT6 noMemajmcb b KaMepy 

HOHHO-nJia3MeHHOfl yCTaHOBKH H nOflBepraJIHCb HOHHOH OHHCTKe B HHepTHOM 

ra3e, 3aTeM npoBOOTJiocb ocaacaeHHe MHorocjiOHHoro noicpbiTHJi, HaHHHaa co 

CKaHAHft. 

30 rioj^MHKpocjiofl CKaHAHfl tojihihhoh 0,3 - 0,8 MHKpoH 6bin ocaxmeH Ha 

noBepxHOCTb JionaTOK noil flaBJiemieM aproHa (0,1 -2,0)xl0 _1 Ila, npn Tone 
HarpeBa cKaHjimeBoro KaTOfla 10 - 200 aMnep /ura o6ecneHeHKm TeMnepaTypbi 
200 - 400 rpaaycoB IJenbCHH h pa3HHue noTeHunajioB 100 - 1000 bojift Meacoy 
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JionaTKaMH h CKaKzweBMM KaToaoM. B stot pa3 tht8hobi>ih KaToa h 
impKOHHeBbm KaTOflbi H e HaipeBanHCb. 3ra cranm saiujia npHMep H o 2 
MHHyrw, h aonaTKH Bpainajracb co acopocTbio 2,5 o6/mhh. TirraHOBMH 
MHKpocjiofl TOjimHHoii 0,6-1, 6mk 6mji 33TeM HaHeceH nyre M aesaicTHBauHH 
5 ocaitzmeBoro mrona b pe3yjn, T aTe BbnunoHeHHa ero HCTOHHraca Toica h HarpeBa 
TOTaHOBoro KaTOfla nyreM n P HJio*eHiw roica 20 - 200 aMnep h pasHHUH 
noxeHUHanoB 100 - 800 bojibt Mexcay aHoaoM h JionaTKaMH b aTMoc^epe 
aproHa. B TeieHHe 3toh CTaflHH /jocrarajiacb TeMneparypa KaTOfla no 700 
rpaaycoB Uejibcna. 3aTeM npoBOfltuiocb ocaxcaeHHe THTaHa TOjimHHoii 1-2 mk 
10 b asoTHofl amociiiepe, KOTopaa HanycKanacb b pa6oiyio xaiaepy np H 
napimajibHOM aaBJieroiH nocjie/raero (0,05-2,0)xl0-' na. 3a T e M flaBJieime 
noBwmajiocb no (0,l-6,0)xl0-' ha h cfcopMHpoBajica mhkpocjioh mnpHfla THTaHa 
tojiihhhoh npHMepHo 2-4mk. TeMnepaTypa jionaTOK b npouecce Been 
TexHOJiorHH HaHeceHHa noKpbrnifl noA/jepjKHBajiacb b HHTepBajie 480-550 C ana 
15 npeaoTBpameHHa KaKHX-jm6o $a30Bbix H3MeHeHHH b ochobhom MaTepaajie. 

THTaHOBbrii KaToa 6bm Ae3aKTHBHpoBaH, a impxoHHeBbiH xaToa HarpeT 
no toh ace TeMnepaTypw c toh »e idiothoctmo TOKa h pa3HHuefi noTeinmajiOB, 
hto h b npeauiecTByioineH cn-a^im ocasKflemw THTaHa. ripn HaHeceHHH cjioeB 
HHTpHaa TirraHa h HHTpiwa impKOHHH npoBOflHJiacb HOHHaa HMiuiaHTaima 
20 a30TOM. BbmienepeHHCJieHHbie craflHH ocaxyjeHioi 6mjih noBTopeHbi b toh ace 
nocjienoBaTejibHocTH HecKOJibKo pa3 mi nojiyqeHHa 3aaaHHOH tojiiuhhw 
noicpbrraa. 

B ajibTepHaTHBHbix BapaaHTax onHcaHHbie CTaziHH ocaameHHa THTaHa h 
impicoHHfl Moryr 6bm> noBTopeHbi, 3aMeHeHbi hjih noMeHSHbi MecTaMH Ha 
25 CTazum hohhoto ocaacAeHiw HHTpHaa THTaHa h (hjih) mirpum impKomw, 
BbinojiHeHHbie b aTMoc$epe a30Ta. HepeaoBaHHe pa3JnriHb]x MincpocJioeB 
o6ecneHHBaeTca noonepejmbiM HarpeBaHHeM THTaHOBoro hjih unpicoHHeBoro 
KaToaoB b aTMoc^iepe aproHa hjih a30Ta, hjih 0/moBpeMeHHOH aKTHBainieH 

THTaHOBOrO H UHpKOHHeBOrO KaTOflOB. 

30 H3MeHeHne cocTaBa pa3jmHHbix cjioeB oflHoro H3 BapnaHTOB 

HccjieaoBaHHoro noKpbiTHa, nojiyneHHoro no 3asBJiaeMOMy cnoco6y, 
nojiyneHHoe mctojiom o6paTHoro Pe3ep<j)op.noBCKoro pacceaHHa npHBeaeHo Ha 
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pHC.3. JIcho, hto Tpe6yeMaH o6ma* TOjimima noKptiraa mokct 6brn> nojiyneHa 
6jiaroflapa HaHeceHmo MHO^cecTaa MHKpocjioeB, npe/jnoHTHTejibHo 3 - 20. 

B npeflnotnKrejibHbix BapnaHTax, Kaaonbift hjih HeKOTopbie H3 
MHKpocjioeB noKpuTH* Ha pasjiHMHbix cTafliwx ero HaHeceHHa noABepraiOT 

5 B03flefiCTBHK) BbICOK03HCprCTHH6CKOrO TTOTOKa HO HOB aprOHa, HJIH 330Ta, HJIH 

yrjiepoAa, hjih 6opa nyreM KOHTpojw aTMoc^epw b hohhom HMiuiaHTope, npn 
3tom pa3HHua noTemmajioB Meamy aJiexxpozioM HOHHoro HMiuiaHTopa h 
nonaTKaMH cocTaBJweT 10-50 khjiobojibt. 

HOHHbie HMIUiaHTOpbl H3BeCTHbI B AaHHOH o6jiaCTH npOH3BOACTBa. B 

10 HameM cjiynae, hohhmh HMnJiairrop rana «IIyjibcap» o6ecneHHBaeTca ayron 

HH3KOrO ZiaBJieHHH MCmy 3KpaHHpOBaHHbIM KaTOflHbIM IMTHOM H paCfflHpeHHOH 

aHOOTOH nacTbio pa3pw. Ayra Bbipa6aTbiBaeT tok HeMeTajuranecKHX hohob 
aproHa hjih peaiaiHOHHOH ra30Bofi cpe^w, BnpwcKHBaeMOH b HMiuiaHTOp c 

C03flaHHOH 3MHCCHOHHOH IIOBepXHOCTH aHOOTOH IUKUMbl. 3mHCCH* 

15 MeTaJumnecKHX hohob icamaa HMimaHTopa hc3 HaHHTejiBHa, t.k. KaToa He 
HarpeBae-rcfl. flajiee, 3KpaHHpoBaHHe KaTOflHoro naraa npeaoTBpamaeT ero 
B3aHMO^eHCTBHe c aHOOTofi iuia3MOH h cHH^caeT 3arpH3HeHHe ra3opa3p*mHOH 

IUia3MbI MeTaJIJIHHeCKHMH HOHaMH. ri03T0My TOJIbKO HOHbl ^yrOBOH aHO^HOH 

njia3Mbi BxofljiT b onTHHecKyto CHCTeMy, KOTopan o6pa3yeT nyroK 
20 BbicoK03HepreTHHecKHx hohob. Ilria3Ma coaep>KHT MeHee 0,1 % MeTajuiHHecKHX 
hohob. B npouecce, cooTBeTCTByiomeM naHHOMy H3o6peTeHHK), Hcnojib30BajiHCb 
cjieAyioiime napaMeTpbi: 

YcKopaiomee HanpjraceHHe ao 50 kV 

Tok HOHHoro nyHica: b HMnyjibce 1 a 

25 cpeziHHH 50 mA 

IIonepeHHoe ceneHHe ny^Ka: idhpokhh nyHOK 1 50 cm 2 

KOHBepreHTHbifi nynoK 5 cm 2 
J\ JiHTejibHocTb HMnyjibca 1 x 1 0 * 3 ceicyHa 

^acTOTa noBTopeHHH 1 . 50 ceic" 1 

30 riy^OK hohob a30Ta, hjih 6opa, hjih yrjiepoaa, hjih aproHa, Hcxo^mmn 

ot Hcnycxaiomero sjiempofla, ycKopaeTca Hepe3 ycKopjnoimiH sjiejopoa h 
nepe3 bmxootoh 3JieKipoA HanpaBjMioTCH Ha aexajib, hto6h BHeapaTbCfl, KaK 3to 
Tpe6yeTCH, Ha oxaejitHbie mhkpocjioh ocaxcuaeMoro noKpbiTHH. 
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^l^c^ nop^oKMHKpocoeBHcocraB o* 

TBeTCTBHH C AaHHBIM H305peTeHHeM. 



Ta6jnma 1 . 
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CruiaB Ti-6A1-4V 


1 r 


1 A 1 fi 


o„ -r; "Ti"M -A-XT 7r 

aC, 11, lirN/rJN, IS, 

ZrN,+N,Ti, TiN 


18 


CruiaB THTaHa 


30 


28-32 


Sc,Ti,TiN,+N, 

ZrN, 
TiN+Ar 


19 


CruiaB THTaHa 


42 


16-20 


Cr,Cr 3 C 2 ,ZrC+C,Z 
r,ZrC,+C,ZrC, 
Cr-»C-> ZrC 


20 


CruiaB THTaHa 


56 


14-18 


Y.TiJiC+CTi, 
ZrC l +C,ZrC 1 +C,Ti 

c,+c f 

ZrC, TiC+C,ZrC, 
TiC,ZrC 


21 


CruiaB THTaHa 


36 


14-20 


Y,Zr,ZrC,+C,Zr,Ti 
C,+C,Ti, 
TiC,+CZr, 
ZrC 



npHMenaHHe: + C, +N, +Ar - HMruiaHTaiiHH hohob yrjiepoaa, arm a30Ta, 
hjih aproHa cootbctctbchho, cjioh HaHoaiT b yKa3aHHOM nopsmjce HecKOJibico 
pa3. 

5 3p03HOHH£LH CTOHKOCTb KOMIIJieKCHblX MHOrOCJIOHHblX nOKpblTHH, 

nonyneHHbix no 3aflBjiaeMOMy cnocoSy m uhpkohhs, THTaHa h hx mnpHaoB 
npH HcnbrraHHH KOMnpeccopHbix jionaTOK H3 cimaBa rana Ti-6AL-4V c 

HMTTJiaHTaUHeH HOHOB a30Ta, no CpaBHCHKDEO CO CTOHKOCTbK) JIOnaTOK 6e3 

noKpbiTHH noKa3aHa Ha pnc.4 h pnc 5. YcjiOBHfl ncnbrraHHH yica3aHbi Ha 
10 pHcyHKax. 

H3HOCOCTOHKOCTb nOKpblTHfl, HMdOIUHX 0£HHaKOBOe KOJIHHeCKTBO CJIOeB H 

TOJiimiHy 12-16 mk, noflBeprHyrbrx h He noflBeprHyrbix hohhoh HMiuiaHTauHH 
a30TOM hjih yrnepozioM npHBe^eHbi HH)*ce. 

1. CnnaB BT8( CiuiaB Ti-6Al-3.5Mo-0.5Zr) 6e3 noKpHTna — 1 ,0 
15 2. noKpbiTHe Ha ciuiaBe BT8 - Sc-Ti-TiN-Zr-ZrN = 0,12 

3. noKpbrrae Ha ciuiaBe BT8- Sc-Cr-Cr 2 C 3 -Zr-ZrC = 0,26 

4. IIoKpbrrHe Ha ciuiaBe BT8- Sc-Ti-TiN+N-Zr-ZrN+N == 0,014 

5. noKpbirae H a cnJiaBe BT8-Sc-Cr-Cr 2 C 3 +C-Zr-Zr(>C = 0,037 
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yCJIOBHg qcmjTaHun- 

• CKopocr, Bo 3flyi nHo-a6pa3HBHoro noTOKa- 120 Wcex, 

• TCMnepaTypa HcntrTaHUH - KOMHareaa, 

• a6pa3HB -KBapijeBbifi necoK 4>paKwin 1 Omkm, 

• KojiHHecTBo a6pa3HBa- 1 0 kt 

• yroji aTaKH 20 rpaaycoB 

• -PHa»™ 4 „ 5 c (+) cooTBercTflwoio a3o™ . 

yrjiepojtiOM 

• HSHOCOCroftKOCXB onp_ t no „o T ep,M M acc w , KOTOpBie 
OTHOCHJIHCB K HCIUrfTaHHHM en™* 6e 3 noKpBmw 

K0PD03Hr>wm.ig , rm , mrmT 

' no™ To " """" "° na ™ ■ ' — 

Koppo3too cjie^yiomHM MeroaoM. «w™hh. „a 

TnraHOBwe ,o„a™ 6™, „a, eTiI npH 300 

oTir ox ™ * 3% m — 

-« KaMepc . 23 Hac0B , . „ ^ 

ocmo^om jionarox „oo,e k W o m ^ 
onp~ _ Maccu .„ » peM u „ oc „ e K0pp _ Hcnimi p 

— . »acc M a 1)3 r/w , B OTmrae or mm „ ^ 

HM-Kop^noa^eoaoue^a^^e^Maoo,; 
Hc„ Ha Koppo3HK} ™, npoBommci B 
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1 . JIonaTKH 6e3 noKpbrniH - 6oJiee 20 nHTTHHroB Ha nepe, 

2. JIonaTKH C CepHHHbIM ITOKpblTHeM HHTpHfla THTaHa - 9-12 



IIHTTHHrOB, 



5 



3. JIonaTKH c MHoroanoHHbiM noKpBiTHeM c HMnnaHTauHeii aproHOM 
no HacToamefi 3aaBKe -1-3 rorrrHHra. 



IIpoBefleHHBie Hcnbrrami* Ha ycTanocTb nonaTOK c npejanoHTHTejitHtiMH 
noKpbnraMH h jionaTOK 6e3 noKpsiTHH noKa3ajiH, hto ycTajiocTHan npoHHocTb 
nonaTOK nocne HaHeceHHH noKptiTHH npaKrmecKH He H3MCHaeTCH, ocTaeTca Ha 

10 bwcokom ypoBHe h o6ecneHHBaeT HeoSxoOTMyio aojito bchhoctb MeTajiH (pwc.6 ). 
YcnoBHfl HcnbiTaHHfi nonaTOK Ha ycTajiocTHyio nporaocTb cooTBeTCTBOBajiH 
peaJibHbiM napaMeTpaM npH SKcruiyaTauHH aBHaflBHraTeneH. 

Ilocjie npOBefleHHfl KOMiuieKca jia6opaTopHbix HcnbrraHHH 6buiH 
BbmonHeHW HcnbrraHHH Ha HaTypHbix ^BHraTenjix c B6pocoM a6pa3HBa c 

15 pa3MepaMH nacTHU 100-200mk h KonnnecTBOM l^Kr/nac. 3th HcnbrraHna TaioKe 
noKa3ajiH cymecrBeHHoe noBbnneHHe 3po3HOHHofi ctohkocth nonaTOK 
HanpaBJWiomero annapaTa h poTopa KOMnpeccopa aBHajjBHraTejw b acecTKHx 
ycJiOBHJix no cpaBHeHmo c HcnoKpbrrbiMH JionaTKaMH. BHeinHHfi bha h xapaKTep 
noBpeameHHH noBepxHocm noKa3aH Ha pnc. 7. 



3aflBjiaeMoe H3o6peTeHHe bo3Momcho Hcnojib30Baxb juix noBbimemiH 

AOJITOB6HHOCTH H HaflOKHOCTH H3fleJIHH nyreM HaHeceHHH H3HOCOCTOHKHX h 
25 KOpp03HOHHOCTOftKHX nOKpblTHH Ha fleTaJIH B pa3JIHHHbIX oipacjrax 

MamnHOcipoeHHS, a TaiOKe wx peMOHTa h bo ccthho b JieHu^ H3 Home hhlix 
aeTanefi. B nacTHOcra, nojiyneHM nojioaarrejibHbie pe3yjibTaTbi no 

BOCCTaHOBJieHHK) H3HOIIieHHHX JIOnaTOK H yBeJIHHeHHK) flOJITOBeHHOCTH H 

pecypca KOMnpeccopOB aBHaiisoHHbU OTuraTeJiefi. TexHOJioniH, ocHOBarabie Ha 
30 3a^BjuieMOM cnoco6e HaHeceHHa noRpbirafi, MoryT 6biTb Hcnojn>30BaHbi h b 
Apyrax OTpacjwx npoMbnnjieHHOcra: npn npoH3BOflCTBe TOBapoB Hapo^Horo 

nOTpc6jieHHH, 6bITOBOH TCXHHKH, CIIOpTHBHOrO HHBeHTap.JI. 
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IIpoMbiiiiJieHHaa npHMeHHMQCTb, 
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OopMyjia H3o6peTeHHH 



Mm 3aHBJiaeM: 

5 1. Cnoco6 HaHeceHHH h3Hococtohkhx noxpbrrHH, coctojhuhx H3 

MHOHcecraa MHKpocjioeB, Kaacflbift H3 kotopbix coctoht H3 cneflyiomnx 
MaTepnajiOB: MeTajuiOB IVA-VIA rpynn, hx ciuiaBOB, 4)a3 BHenpenw Ha hx 
ocHOBe h rae oflHH hjih 6onee H3 yxasaHHBix MHKpocjioeB noABepraeTC* 
HMiuiaHTanHH BMCOK03HepreTHMecKHX HeMeTajDTHHecKHX hohob, a TaiCKe cnoco6 

10 noBBnneHHfl AOJiroBeHHOcra fleTaJieft nyreM yxa3aHHoro HaHeceHHH noKpbrow 
h nocjie^yiomeft hx BH6poo6pa6oTKH MHKpoinapHKaMH j yKa3aHHbiH cnoco6 
BKjnonaeT: 

(1) pa3MemeHHe yKa3aHHBix AeTajieM b KanecTBe aHOAa BHyrpH KaMepbi 
HOHHoruia3MeHHoro ocancaeHHfl; 
15 (2) pa3MemeHHe KaTOAa, cocToamero H3 yxa3aHHbix MeTajuiOB, cruiaBOB 
3THX MeTajuiOB; 

(3) oSecneneHHe yKa3aHH0H KaMepbi amoc^epoM ra3a, BbiSpaHHoro H3 
rpynnbi HeihpaJibHMX h peaKUHOHHMx ra30B h hx cMecefi; 

(4) ocymecTBJieHHe hohhoh ohhctkh noBepxkocTH jieranen: 

20 (5) ocymecTBJieHHe H36npaTeJibHoro noHHo-mia3MeHHoro ocaacAeHHH 

MHO>KeCTBa MHKpOCJIOeB, COCTOHIUHX H3 MeTaJUIOB, CIUiaBOB 3THX MexajuiOB HJIH 

(|>a3 BHeflpeiow Ha hx ochobc; 

(6) o6pa6oTKa oahoto ww 6ojiee yKa3aHHbix MHKpocjioeB nyreM 
HMiuiaHTaimH BbicoK03HepreTHHecKHx HeMeTajumnecKHX hohob; 
25 (7) oxJia>KfleHHe h Bbirpy3Ky AeTaJiH hjih H3flejiH* H3 yKa3aHHofi KaMepbi h 
BH6poo6pa6oTKy MHKpoinapHKaMH. 

2. Cnoco6 no nyHicry 1, rae yKa3aHHbie AeTajm(l) hjih hsabjiha 

Bbl6HpaK>TCX H3 THTaHa, CIUiaBOB THTaHa, CTaJieH HJIH CIUiaBOB Ha OCHOBe HHKeJlfl; 

3. Cnoco6, onpeaejieHHbift b n.l , rAe yKa3aHHbie KaT0Abi(2) Bbi6HpaK>TC£ 
30 H3 ciuiaBOB THTaHa, CTajieft hjih ciuiaBOB Ha ocHOBe hhkcjih, KOTopbie nocjie 

ocaayieHHH rbsot cocTaB, aHajionraHbiH ocHOBe MaTepnaJia AeTaJiH; 

4. Cnoco6 no n.l, rAe yKa3aHHoe MHO^ecTBO MHKpocjioeB (5) Bbi6HpaeTca 
H3 MHceji 3-500, npHHeM yBeJinneHHe KOJinnecTBa cnoeB Aocraraercs 
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HepeaoBaHHeM cjioeB yKa3aHHbix MeTajuiOB, cimaBOB 3thx MeTajuiOB h 4>a3 
BHej^peHHH Ha hx ocHOBe; 

5. Cnoco6 no n.4, r^e TOJimHHbi yica3aHHLix MHKpocnoeB HaxoflHTCH b 
cooTHOineHHH (0,02-0,5):(0,04-10):(0,l-12,5), a TOJimnHM nepBtix Tpex cjioeB 

5 MeTamia, ciuiaBa Ha ero ocHOBe h $Q3hi BHeapeHHH HaxoAHTcn b cooTHoraeHHH 
1:2:2,5; 

6. Cnoco6 non. 1, rae BKJiioHaioinHH ocaacaeHHe mhkpocjioh m CKaHflHH, 
HTipiM hjih peBK03eMejitHoro MeTajuia, tojiii^hhoh 0,02-0,08mk nocjie hohhoh 
ohhctkh(4) ho Havana CTajmn (5); 

10 7. Cnoco6 no n.l, r#e peaKiiHOHHLiMH ra3aMH hbjihiotch a30T, aueraneH, 
MCTaH hjih flnSopaH; 

8. Cnoco6 no n.7, rae 4>opMHpoBaHne cnoeB ciuiaBOB h 4>a3 BHeapeHHH 
o6ecneHHBaeTca coothoidchhcm naprmanbHMX AaBjieHHH peaKimoHHtix ra30B 
(0,005-0,2:0,01-7 S 0)10 _1 na; 
15 9. CnocoS no nl, rae HOHHyio HMiuiaHTamoo npoBo/iHT HOHaMH aproHa, 
hjih a30Ta, hjih yrjiepo^a, hjih 6opa npH ycKopHiomnx HanpHaceHHHX 10-50 kb, 
fl03ax o6jiyqeHHH 10 ,4 -l0 18 hoh/cm 2 h 3HeprneH hohob 5,10 3 -l,10 5 3B. 

10. Cnoco6 no n. 1, rae BH6poo6pa6oTKy MHKpouiapHKaMH anaMeTpoM 0,5- 
5,0mm npOBozuiT npn aMiuraTyae 2-8mm He no3zmee, hqu nepe3 10-60mhh. nocjie 

20 oKOHHaHHa npouecca HaHecemw noKptiTHs; 

11. Cnoco6 no n.l, rae yKa3aHHan CTajiHH HOHH0-iuia3MeHHoro 
ocaameHHa(5) /BmnonaeT H36npaTejiBHoe ocaacneHHe: 

(a) ocaaczieHHe mhkpocjioh cKaimnn b aTMOc^epe aproHa, 
(6) oca^aeHHe THTaHOBoro mhkpocjioh b aTMoc(}>epe aproHa, 
25 (b) ocaameHHe h HMiuiaHTamno a30TOM mhkpocjioh TBepjjoro pacTBopa a30Ta b 
THxaHe b CMecH a30Ta h aproHa, 

(r) oca^caeHHe h HMiuiaHTamno a30TOM mhkpocjioh inrrpima THTaHa b 
araoc<j)epe a30Ta, 

(jj) ocancAeHHe mhkpocjioh uhpkohhh b aproHe, 
30 (>k) ocaameHHe h HMruiairrauiiH a30TOM TBepfloro pacTBopa a30Ta b hhpkohhh b 
amoc4>epe cMeca a3ora h aproHa, 

(3) ocaacaeHHe h HMiuiaHTaijHH a30TOM mnpima impKOHHH b aTMoc(f>epe a30Ta, 
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(h) noBTopeHHe yKaaaHHbix cTa^Hfi (6) - (3) wisl nojiyneHHa yKasaHHoro 

MHOXCeCTBa MHKpOCJIOeB. 

12. Cnoco6 no n, 1, r^e yiea3aHHaa cxa^jw oca^eHiw(5) H36HpaTejiBH0 
BienoHaeT: 

5 (a) oca^aeHHe nepBoro MHKpocjio* ciuiaBOB thtshh h ijhpkohhji b yKa3aHHOM 
hhcpthom ra3e, 

(6) oca^caeHHe h HMiuiaHTaumo a30TOM cnjiaBOB THTaHa h uhpkohim c a30TOM b 
CMecH HHepTHoro ra3a h a30Ta, 

(b) ocajKaeHHe h HMnnaHTamw a30TOM hhtphzk>b THTaHa h mipKomw b 
10 a™oc<f>epe a3ora, 

(r) noBTopeHHe yKa3aHHtix cTa^HH (a)- (b) jw nojiyneHiia Heo6xoOTMoro 
MHoacecTBa cjioeB. 

(fl) HOHHax HMiuiairrauHH aproHOM HaHeceHHoro MHorocjioftHoro noKptrnw. 



15 impKOHHH c yrjiepo^oM b CMecH HHepTHoro ra3a c aueraneHOM hjih MeTaHOM, a 
cTa^HH (b) ocaac^eHHe h HMiuiaHTauHio yrjiepoflOM Kap6imoB THTaHa h 
impKOHHA b aTMoc^epe aijerajieHa wm MeTaHa 

14. Cnoco6 no n.12, rfle crappx (6) BKJEonaeT oca>KfleHne crmaBOB THTaHa h 
UHpKOHHH c 6opoM b CMecH HHepTHoro ra3a c zw6opaHOM, a ct^hh (b) 

20 oca>K£eHHe h HMiuiaHTai^no 6opoM 6opnuoB THTaHa h ohpkohhh. 

15. Cnoco6 no n.l, rjie yica3aHHMe zieTajiH xBjimojcx jionaTKaMH 
KOMnpeccopoB ra30Bofi Typ6nHti hjth ee nacTHMH. 



CnocoS no n. 12, rne CTaflH* (6) BmnonaeT oca^eHHe cnjiaBOB THTaHa h 
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H3MEHEHHAH OOPMYJIA H30EPETEHH5I 

[nojiyneHa MeatayHapojmbiM 6iopo 2 0KTJi6pfl 2000 (02.10.00); nepBOHanajibHO 
3aHBJieHHHe nyHKTu 1-15 fyopMynu b3o6p&tchhh 3aMeH€Hi.i hobhmh nymcraMii 1-16 
$opMyjiti H3o6peTeHHS (4 CTpaHHUti)] 



1 . CnOC06 HaHeceHKS H3HOCOCTOHKHX nOKpblTHK Ha MeTaJIJDfHeCKHe nOBepXHOCTH 

jeTa^eH h maemiPi, yKa3aHHMH cnoco6 BK.aioHaeT: 

(i) npeaycMOTpeHHe KaMepbi HOHHo-n-ia3MeHHoro ocaacaeHH*; 

(ii) pa3MemeHHe o6pa6aTHBaeMbix aeTa-Teii hjih H3zieJiHH b KanecTBe aHo#a 
BHVTpH yKa3aHHoft KaMepw noHHO-n/ra3MeHHoro oca>KAeHHH; 

(iii) pa3MemeHHe b yKa3aHHOH KaMepe KaTo^oB, coc*ro$iiimx H3 MeTajmoB IV A- 
VI A rpynn h/h.*h ciuiaBOB stux MerajuioB; 

(iv) co3AaHHe b yKa3aHHOH KaMepe aTMOcc^epbi ra3a, Bbi6paHHoro H3 rpymibi 
HeHTpa^ibHbix h peaKimoHHbix ra3GB k hx cMecen; 

(v) ocymecTB-ieHHe, np*i Heo6xoziHMOCTH, hohhoh ohhctkh noBepXHOCTH 
jeta^eit h.™ Hazie-rafi; 

(vi) ocymecTB^ieHHe H36HpaTe;ibHoro HOHHo-n:ia3MeHHoro ocaacaeHim 
MHoacecTBa csioeB noKpbiTHH, npKHeM no MeHbineH Mepe ozehh cjioh (a) coctoht H3 
VKa3aHHbIX MeTSUI JIO B , hx cMecen h.ih cn,iaBOB 3aMemeHHH, BTOpOH C7IOH (b) H3 
pacTBOpoB HeMeTajLimecKHX aTOMOB a30Ta, ymepofla, 6opa b sthx Merajuiax h 

TpeTHH C.IOH (c) H3 X HMHH e CKH X COMHHeHHH VKa3aHHbIX MCTaJIJIOB C HeMeraflJiaMH 

3 BH,ae HHTpH^oB, Kap6H£OB, 6opH#oB h hx cMecew; 

(vii) o6pa6oTKy oAHoro m 6ojiee vKa3aHHbix cJioeB nyTeM HMn/iaHTauHH b hhx 
BbicoK03HepreTWHecKHX HeMeTaji.aHMecKHx hohob; 

(viii) oxJisuKaeHHe h Bbirpy3Ky zeTdJien h-ih mxemik H3 VKa3aHH0M KaMepbi. 

2. Cnoco6 no n. 1, OTJiKHaioiUHMCfl TeM f mto zieTajiH hjih H3fle./iHH noc-ie 
ox-iaacaemra h Bbirpy3KH noABepraiOT Bn6poo6pa6oTKe m h Kp o iu ap hksmh. 

3. Cnoco6 no n. 1, r\ie yica3aHHbie jeTajm hjih Kdjiemx raroTOBJieHH H3 TirraHa, 
cn.iaBOB TtrraHa, cTa.iefl uim cn;iaBOB Ha ocHOBe hmkcih. 
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4. Cnoco6 no n. 1, rxe yKa3aHHbie KaTojbi BbidnpaioTca H3 cn.iaBOB tktslhsl, 
crsjiePi hjih cn^aBOB na ocHOBe HWKejm , KOTopbie noaae oxjia^ueHHtf aaioT cocraB, 
aHajioritMHbiH ocHOBe MaTepna^a aeTa,TH vum H3jeraH. 

5. Cnoco6 no n. I, rae MHoacecrBo c;ioeB noKpbiTMJi cocTaB.iHeT ot 3 ao 500, 
npwneM yKa3aHHbie cioh a, b, c noc^eaoBaTe.ibHO HepeayioT. 

6. Cnocoo no n. 4, rae To;miHHbi VKa3aHHbix c-roeB a, b, c Haxo/urrcH b 
cooTHOiiieHHH 1,0:2,0:2,5. 

7. Cnoco6 no n. 1. BieimaioiiiHH npesBapOTe.ibHoe ocsoK^enne mhkpocjioji H3 

CKaH^HH. IITTpHfl HOT pe^K03eMe.TbHOrO M6T3~TVia F TO.TUIHHOM 0,02 - 0,08 MK RO 

Haqa^a cTajHH H36npaTe-TbHoro oca>fueHHH caoeB (vi). 

8. Cnoco6 no n. 1, rue peafaiHOHHbiMK ra3aMH hbji^iiotch a30T, aneTHJieH, MeTaH 
hjih zxh6 opaH. 

9. Cnoco6 no n. 1, rae hohhvio HMn.iaHTauHio npoBozurr HOHaMH aproHa kjih 
a30Ta f h.to yiviepoaa, h/ih 6opa npH ycKopHiouiHx Hanp^^ceHHHX 10-50 kb, £03ax 
o6jiy^ieHHH 10 14 - 10 ts hoh/cm 2 h SHeprneii hohob 5*10 3 - 1*10 5 as. 

10. Cnoco6 no n. 1, rjae yKa3aHHaa ctb.j\hr HOHHo-n;ia3MeHHoro oca>K4eHHH (vi) 
BK^KDnaeT: 

(a) oca^icaeHHe cjioh cfcaH/iMfl b aTMOCcjjepe aproHa, 
(6) ocaacaeHHe THTaHOBoro cjioh b aTMOccpepe aproHa, 

(b) oca^KaeHne h HMn-rcaHTaiiHio a30TOM cjioh TBepzioro pacTBopa a30Ta b TirraHe 
b ra30Boii oiecH a30Ta h aproHa, 

(r) ocaaueHne h HMimaHT ami io a3OT0M c.iox HKTpnaa raTaHa b aTMoccfjepe 
a30Ta r 

(jl) oca^KjieHHe ctoh unpKOHH* b aproHe. 
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(;k) ocaacaeHHe h hmiijI3.ht3.uhio a30T0M TBepiioro pacrBopa a30Ta b uhpkohhh 

b a-rMocc^epe oiecH a3ora h aproHa, 

(3) ocaacaeroie h HMn;iaHTauHio a3OT0M HHTpHXia uhpkohhh b aTMocc^epe a30Ta, 
(h) noBTOpeHHe yKa3aHHbix cramn (6) - (3) jxjix nojiyneHHH Heo6xo#HMoro 

MHo^cecTBa CvioeB. 

11. Cnoco6 no n. l t rae yKa3aHHan cTazwa ocaaczieHHH (vi) BKJimaeT: 

(a) ocaacaeHHe nepBoro cnox cn-naBOB THTaHa h uhpkohhh b HHepTHOM ra3e, 
(6) ocaacaeHHe h HMnjiaHTauHio a30TOM ciuaBOB THTaHa h uhpkohhh c a30T0M 

b cMecH HHepTHoro ra3a h a30Ta, 

(b) oca^c^eHHe h HMn»iaHTauHio a30T0M hhtphziob THTaHa h uhpkohhh b 
aTM0ccJ)epe a30Ta, 

(r) noBTopeHHe yKa3aHHbrx craAHH (a) -(b) zi.th noJiy^eHHH Heo6xozutMoro 
MHoacecTBa cjioeB, 

(jj) hohhvio HMn^aHTauHio aproHOM HaHeceHHoro MHoroc.aoHHoro itokpmthh . 

12. Cnoco6 no n. 1, nae yKa3aHHan CTaflHH oca*caeHHH (vi) BKinonaeT: 

(a) oca^K^eHHe cjioh cn,iaBOB THTaHa h uhpkohhh b HHepTHOM ra3e, 

(6) oca^caeHHe cn.iaBOB THTaHa h uhpkohhh c oopoM b CMecH HHepTHoro ra3a 
c Aw6opaHOM, 

(b) oca>KiieHHe h HMnnaHTaunio 6opoM 6opHflOB THTaHa h uhpkohhh, 

(r) noBTopeHHe yKa3aHHfaix CTa^HH (a) - (b) mm nojiyneHMH Heo6xo/mMoro 
MHO^cecTBa cjioeB, 

(a) hohhvio HMn-iaHTauHio aproHOM HaneceHHoro MHoroc-ioHHoro noKpbiTHH. 

13. Cnoco6 no n. 1, nie yxa3aHHbie zerzjm hb^hiotch JionaTKann KOMnpeccopoB 
ra3OB0H Typ6HHbi Hjm ee nacTHMH. 

14. W3HOCTOHKoe noKpbiTHe MeTa/inHMecKHX noBepxHOcrefl, BKJiioHaioiiiee 
HaHeceHHbre Ha noBepxHOCTb H0HH0-njia3MeHHbiM oca^KseHne.M no MeHbiueii Mepe orhh 
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cjioh H3 Meraji^a IV A- VI A rpynn, hx cMeceii mm cn^aBOB 3aMeiueHHa, no MeHbineH 
Mepe o/ihh cjioh H3 pacTBopoB HeMeTajuiHMecKHX aTOMOB a30Ta f yiviepozia, 6opa b 
yKa3aHHtix MeTa.i;iax, no MeHbUieii Mepe o£Hh cjioh H3 XHMJTMecKHX coeaHHeHHH 
VKa3aHHbix MeTa.i.iOB ? c HeMeT &ji ji&mh b Biue HHTpnaoB, Kap6mioB f 6opnaoB h hx 
CMeceii b no MeHbiueii Mepe oann H3 /no6bix yKa3aHHbix c;ioeB HMnJiaHTHpOBaHbi 
BbicoKoaHepreTHHecKHe HeMeTajiOTHecKHe hohh, BbifipaHHbie H3 rpyniibi, 
BiuironaiomeH hohm aproHa, a30Ta, yr^epozia \um 6opa. 

15. ,fleTaJiH h H3^e.iH^, HMeromne noKpMTHe. HaHeceHHoe cnoco6oM no ;no6oMy 
H3 n.n. 1-12. 

16. JXertdiJiYL h H3Ae.iH^, HMeiouiKe noKptirae coniacHo n. 14. 
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Bee fjonamKu, a 


Yhoc Maccbt nonamnu. Ma 


CyMMapHbtu yHoc, mz 


Ns ucn 


Macca 
aCpasuea, 

3 


£ej 
noKpbimua 


0 

noKpttmueM 


Bea 
noKpbimu* 


c 

noKpbimueM 


noKpbtmun 


Q 

noKpbimuQM 


0 


0 


25,93467 


26,68606 


0 


0 


0 


0 


1 


500 


25,92766 


26,68604 


7.01 


0,02 


7,01 


0,02 


2 


1500 


25,9176 


26,68412 


10.06 


1,92 


17,07 


1.94 


3 


2500 


25,69843 


26,68318 


19.17 


0.94 


36.24 


* 2,88 


4 


4500 


25,87291 


26,68266 


25,52 


0,52 


61.76 


3,4 


5 


6500 


25,85201 


26,68203 


20,9 


0.63 


82,66 


4,03 


6 


8500 


25.83202 


26.68087 


19,99 


1.16 


102.65 


5,19 


7 


10500 


25,78469 


26,67814 


47.33 


2,73 


149,98 


7,92 


8 


12500 


25,75645 


26,67761 


28.24 


0,53 


178,22 


8,45 


9 


14500 


25,74019 


26,6761 


16,26 


1,51 


194,48 


9,96 


10 


16500 


25,72354 


26,67494 


16,65 


1.16 


211.13 


11,12 



CpaBHume/tbHoe oposuoHHoe ucnhtrnaHue nonamoK KOMnpeccopa rTfi no 

"ynocy Maccbi" 




0 500 1500 2500 4500 6500 8500 10500 12500 14500 16500 



Kofiuvecmeo adpaauea, a 



J 



ycjioBH* HcnbrraHHfl: 



Ckopoctb noTOKa 


212 m/c 


TeMnepaTypa B03flyxa 


20 U C 


A6pa3HBHLiH MaTepnaji 


KpeMHHeBbiH necoK, 
OcHOBHaa 4>paKqHH IOmkm 


Yroji aTaKH 


20 u k cpeflHefi jihhhh xopflbi 



Phc. 4 
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Xopda 


M3HOC XOpdbl, MM 


CyM. U3H0C XOPdbi. MM 


Ns ucn 


Macca 
a6pa3uea, 

2 


Ges 
noKpbtmun 


C 

noKpbimueM 


noKpbinwn 


C 

noKpbimu&M 


Be3 
noKpbimun 


C 

noKpbtmueM 


0 


0 


34,798 


35,0012 


0 


0 


0 


0 


1 


500 


34,772$ 


35,0012 


0,0254 


0 


0,0254 


0 


2 


1500 


34,7726 


35,0012 


0 


0 


0,0254 


0 


3 


2500 


34,7472 


35,0012 


0,0254 


0 


0,0508 


0 


4 


4500 


34.6964 


34,9758 


0,0508 


0.0254 


0,1016 


0,0254 


5 


6500 


34 r 6456 


34,9758 


0,0508 


0 


0,1524 


0.0254 



CpaeHume/ibHoe 3po3UOHHoe ucrtbtmaHue sionamox KOMnpeccopa rTfi 
no u3Hocy xopdbi 




1500 2500 
KonuHecmeo a6pa3uea, e 



4500 



6500 



ycjioBHfl HoibrraHHa: 



Ckopoctb nOTOKa 


212 m/c 


TeMneparypa B03^yxa 


20 U C 


A6pa3HBHtrfl MaTepHaji 


KpeMHHeBBiH necoK, 

OcHOBHafl CjjpSKIiHH 1 OMKM 


Yroji axaicH 


20 u k cpezmefi jihhhh xopabi 



Phc. 5 
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# 

PCT/RU99/00336 



BjiHHHHe noKp&row HaycTajiocTHyio nponHOCTS o6pa3UOB MaTepHana 

jionaTOK TTJX 



IN 718@800 a F, A«1.O(R = 0) 




Phc. 6a 
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